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T Cell Vaccination in Multiple Sclerosis: A Preliminary Report 

David A. Hafler,*^ Irun Cohen,* Deborah S. Benjamin,* and Howard L. WEiNER*-t 



Multiple sclerosis (MS) is a presumed autoimmune disease 
of the central nervous system. Inoculation of attenuated T 
cell clones recognizing immunodominant regions of myelin 
autoantigens can protect animals from the induction of ex- 
perimental autoimmune diseases. In this phase one trial, we 
investigated whether inoculations with attenuated T cell 
clones are feasible in humans for eventual trials with au- 
toreactive clones and whether there are any associated im- 
munologic effects. A total of seven inoculations with atten- 
uated, autologous T cell clones isolated from the cerebro- 
spinal fluid in four subjects with progressive MS was 
performed. No untoward side effects were observed. Immu- 
nologic studies suggested that the inoculation of autologous 
activated T cell clones followed by partial, short-term, im- 
munosuppression as evidenced by a decrease of subsequent 
responses to stimulation via the CD2 pathway and increases 
in the autologous mixed lymphocyte response. We conclude 
that the use of attenuated autoreactive T cell clones appears 
feasible for further clinical trials in humans with autoim- 
mune diseases. © Academic Press, Inc. 



INTRODUCTION 



plore the potential of this experimental approach in 
subjects with severe, progressive MS. 

Here we report the preliminary results of the first 
phase one investigation of T cell vaccination therapy in 
humans with the following objectives: (i) to examine 
the feasibility of inoculating T cell clones into humans 
and to determine how such clones should be selected, 
expanded, and attenuated; (ii) to study whether there 
is toxicity associated with inoculations into humans; 
and (iii) to define the immunologic responses to the 
inoculation of attenuated T cell clones using mea- 
sures of immune activation. 



Selection of Patients 

Four patients with severe chronic progressive mul- 
tiple sclerosis participated in these phase one studies 
(Table 1). Patient selection was based on the diagnosis 
of definite multiple sclerosis with a decline of one point 
in the Kurtzke exended disability status scale (EDSS) in 
the previous year (2), the presence of white matter le- 



Multiple sclerosis (MS) is a chronic inflammatory sions on magnetic resonance imaging (MRI), and the 
disease of the central nervous system with a presumed failure of either steroid or cyclophosphamide treat- 
autoimmune etiology mediated by T cells (1). While ments. Trials were approved by the Brigham and Wo- 
nonspecific immunosuppression can alter the course of men's Hospital Human Subjects Committee. Informed 
severe progressive MS, such therapies are associated consent was obtained from each patient after explana- 
with toxic side effects preventing their use in early tion as to the highly experimental nature of the treat- 
disease (2, 3). A major goal in the treatment of autoim- ment. Patients Sh, Re, and Po had been previously 
mune diseases is to develop antigen-specific, nontoxic treated with iv cyclophosphamide and prednisone 
forms of immunotherapy. while patient Mo was previously treated with oral 
Inoculation of attenuated T cell clones recognizing prednisone. Patients had not received steroids for 3 
the inciting autoantigen can specifically prevent the months or cyclophosphamide for 1 year prior to the T 
induction of experimental autoimmune disease mod- cell vaccination. Five patients with severe chronic pro- 



els, including experimental autoimmune encephalo- 
myelitis (EAE) (4, 5), adjuvant arthritis (6), and au- 
toimmune thyroiditis (7). It has been shown that the 
mechanism for this protection involves both short- 
lived anti-activated T cell responses and long-lived 
anti-clonotypic T cell responses, thus the term T cell 
vaccination. Animal experimentation has indicated 



gressive multiple sclerosis not receiving any treatment 
were studied concurrently during the trial at weekly 
intervals as a control group for immunologic studies. 

T Cell Cloning 
Peripheral blood mononuclear cells (PBMC) and T 



the safety of T cell vaccination using either fixed for cells were isolated from heparinized venous blood as 
irradiated T cell clones. It thus seemed justified to ex- previously reported (8). Cerebrospinal fluid (CSF) cells 
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TABLE 1 

Patient Clinical Data 

Disease Kurtzke Ambulation 
Patient Age Sex duration E DSS index 

Sh 42 F 18yrs 6.0 3 

Po 45 F 25yrs 7-0 8 

Re 54 M 15yrs 6.5 5 

Mo 37 M 5yrs 6.0 4 

Note. Magnetic resonance scans revealed extensive areas of in- 
creased T2 signal intensity in the deep cerebral white matter which 
were predominantly periventricular in all four of the subjects. 



were directly cloned, as previously described, at 0.3 
cells per well with 10 5 autologous, irradiated (5000 
rads) PBMC and phytohemagglutinin-protein PHA.P 
(1.0 fig/ml) (Wellcome, Dartford, UK) in 96-well V-bof- 
tom plates (0.1 ml/well) (8). Forty-eight hours later, 0.1 
ml of media containing 10% IL-2 (delectinated column 
purified T cell growth factor, from ABI, Columbia, MD) 
and 50 units/ml of rIL-4 (Genzyme, Cambridge, MA) 
were added to each well. Cultures were fed with IL-2 
and IL-4 every 3-5 days until -Day 12, when all the 
wells were passed to 96-well U-bottom plates for m; 
croscopic analysis. Growth positive wells were scored 
macroscopically by an inverted microscope and trans- 
ferred into V-bottom plates at 5000 cloned T cells per 
well and restimulated with 10 s allogeneic, irradiated 
(5000 rads) mononuclear cells (from leukopacs) and 
PHA.P (1.0 |xg/ml) in media containing IL-2 + IL-4. 
When there were 20-100 x 10 3 T cells per V-bottom 
well (usually 3-5 days), clones were transferred to 
flasks (no more than one-third full, standing) at a cell 
concentration of 0.5 x 10 6 cells/ml. T cell clones were 
restimulated every 10-14 days, as above, in V-bottom 
plates with 5000 cloned T cells per well, 10 5 allogeneic 
irradiated mononuclear cells, PHA.P, IL-2, and IL-4. 

Selection of T Cell Clones for Vaccination 

The study was begun at a time when immunodomi- 
nant regions of individual myelin antigens (i.e., myelin 
basic protein) had not been defined. In the absence of 
known target antigens, clones were chosen on the basis 
of three characteristics. First was the expression of the 
CD4 determinant, which was based on animal experi- 
ments indicating that T cell clones efficacious for vac- 
cination were all CD4 positive. The second criterion 
was that each T cell clone had good growth character- 
istics. This was necessary to permit expansion of the 
clone to a high enough number for use in these exper- 
iments. Further, recent observations in animals sug- 
gest that T cell clones with the best growth character- 
istics protected better in T cell vaccination experi- 
ments (4, 9). Lastly, clones were examined for the 
presence of common T cell receptor gene rearrange- 
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ments indicative of a dominant T cell clonotype (oligo-. 
clonality) as previously described (8). This was done on 
the hypothesis that clonally expanded T cells in CSF or" 
blood, which we have only observed in patients with 
MS and not other neurologic disease controls, are more 
likely to represent pathogenic T cells in the disease. 

Preparation and Inoculation of Attenuated T 
Cell Clones 

Five hundred thousand cells of each clone were re- 
stimulated with autologous feeder cells and PHA.P for 
48 hr in 1 ml of standard media in polypropylene 15 x 
100-mm-round bottom tubes (Falcon, Lincoln Park, 
NJ). Cells from five to seven clones for each subject 
were pooled to a total of 50 x 10 6 cells, centrifuged, 
then resuspended in 1 ml of 0.3% formaldehyde solu- 
tion in phosphate -buffered saline (PBS) and incubated 
at 4°C for 15 min. Formaldehyde was chosen on the 
basis of previous investigations in animals (5). After 
incubation, clones were washed four times with PBS at 
4°C and resuspended in 1.2 ml of PBS. An aliquot of 
each T cell preparation was tested for bacterial growth; 
cytomegalovirus, herpes simplex, adenovirus, and var- 
icella/zoster isolation; and HTLV-1 virus by polymer- 
ase chain reaction as previously described (10). 

Skin tests were performed with 50,000 T cell clones 
diluted in 0.1 ml PBS to test for immediate type hy- 
persensitivity prior to each inoculation. A total of 4 X 
10 7 T cell clones diluted in 1.0 ml of PBS were injected 
subcutaneously (0.5 ml injected per arm). This number 
of T cells was chosen by an extrapolation of vaccine 
doses effective in experimental animals on the basis of 
relative skin surface areas (m 2 ). The safer subcutane- 
ous route of injection was chosen as experiments per- 
formed in rats showed that subcutaneous injections of 
attenuated T cell clones were as effective as intrave- 
nous injections (I. Cohen, unpublished). A total of seven 
inoculations were performed; subject Sh had three, Po 
had two, and subjects Re and Mo each had single inoc- 
ulations. Patients were monitored for changes in gran- 
ulocyte counts, lymphocyte counts, monocyte counts, 
hematocrits, platelets, prothrombin times, SGOT, 
SGPT, alkaline phosphatase, uric acid, BUN, creati- 
nine, electrolytes, and titers of antibodies to hepatitis, 
HTLV-1, and HIV viruses at monthly intervals for 3 
months then at half-year intervals for 1 year. 

Measurement of Response to Vaccination 

Phenotyping ofPBL. Cytofluographic analysis of T 
cells was performed by means of direct immunofluores- 
cence with fluorescein-conjugated anti- CD3, CD4, and 
CD8 mAb at a dilution of one-twentieth (Coulter Im- 
munology), and dual staining for CD4 and CD45RA 
was performed using fluorescein-conjugated anti-CD4 
and phycoerythrin-conjugated anti-2H4 mAbs. Back- 
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ground fluorescence reactivity was determined with 
phycoerythrin or fluorescein-conjugated mlg. Flow cy- 
tometric analysis was performed by using an Epics C 
flow cytometer (Coulter Electronics, Hialeah, FL). 

Proliferative responses ofPBL. Peripheral blood T 
cells were isolated prior to treatment and 3 days, 7 
days, 14 days, 21 days, 1 month, and 3 months after the 
injection of attenuated T cell clones. T cells, at a final 
concentration of 5 X 10 4 /200 pA in standard tissue cul- 
ture media, were added to an equal number of irradi- 
ated autologous non-T cells and cultured in triplicate 
using 96-well U-bottom plates (Costar Corp., Cam- 
bridge, MA) with (i) anti-Tll 2 + anti-Tll 3 mAbs 
(1:100) (kindly provided by Dr. Stuart Schlossman, 
Dana Farber Cancer Institute, Boston, MA); (ii) anti- 
CD3 (kindly provided by Dr.- Stuart Schlossman) 
(1:100) + PMA (1 ng/ml) (Sigma); or (iii) PHA.P (0.5 
|xg/ml) (Burroughs Welcome). The plates were incu- 
bated in 95% C0 2 and in a humidified atmosphere at 
37°C for 4 days. Cloned T cells were tested for their 
ability to stimulate allogenic MLR. Wells were pulsed 
with 2 jxCi [ 3 H]thymidine during the last 18 hr of cul- 
ture prior to harvesting on an automated Titertek har- 
vester. Tritiated thymidine uptake was measured in a 
LKB scintillation counter. Autologous mixed lympho- 
cyte responses (AMLR) and responses to tetanus toxoid 
and mumps antigen were performed as previously re- 
ported for 7 days (11). 

Responses to T cell vaccine. The ability of activated 
and resting T cell clones (stimulators) to induce the 
proliferation of autologous peripheral blood T cells was 
examined. T cells were considered to be in a resting 
stage 8-10 days following stimulation and activated 
cells were taken directly from the vaccination popula- 
tion both prior to and after attenuation with formalde- 
hyde. Stimulator populations were frozen using stan- 
dard procedures in 10% dimethyl sulfoxide and 90% 
fetal calf serum. All three stimulator populations in- 
cluded nonvaccine clones as controls. For the assay, 10 5 
irradiated (5000 rads) stimulator T cells were incu- 
bated under conditions presented above with equal 
numbers of peripheral blood T cells for 4 days har- 
vested at various times after the T cell inoculation. 
Incorporation of [ 3 H]thymidine was measured as 
above. 

RESULTS 

Our first objective was to examine the feasibility of T 
cell vaccination in humans. T cells expanded from the 
CSF by single cell cloning after PHA stimulation could 
be grown in sufficient numbers for inoculation into pa- 
tients. After formaldehyde fixation for 15 min (atten- 
uation), there was a decrease of the numbers of T cells 
in the preparation by approximately 50% and this 



number remained stable over the next 5 to 7 days prior 
to injection of the attenuated T cell clones. The form- 
aldehyde fixation appears safe as no reactions were 
seen at the site of the inoculation. Since there was no 
obvious clinical benefit to multiple T cell vaccinations 
in the first two subjects, single inoculations were per- 
formed in subsequent patients. - 

The second critical objective of this study was to 
monitor for possible early side effects after the injection 
of attenuated cloned T cells. No immediate or delayed- 
type hypersensitivity reactions were observed on skin 
testing, even after two previous inoculations of atten- 
uated T cells. Nor was any change observed in stan- 
dard measures of systematic toxicity (listed under 
Methods). Monitoring for clinical signs of disease 
flare-up was performed at monthly intervals and with 
bimonthly MRI scans for approximately 6 months after 
each inoculation. There was no evidence for acute ex- 
acerbations of a disease activity associated with the 
inoculation. As this was an open trial, no conclusion as 
to treatment efficacy can be made. 

The proliferative response to stimulation via the 
CD2 determinant, the T cell receptor/CD3 complex, or 
the mitogen PHA was measured after the first inocu- 
lation in three of the four subjects and after the second 
inoculation in one subject. In all subjects there was a 
>40% decrease in proliferation after stimulation via 
the CD2 complex 3 to 7 days after inoculation of atten- 
uated T cells (Table 2). Although somewhat variable, 
consistent changes were not observed in six unvacci- 
nated patients with chronic progressive multiple scle- 
rosis whose anti-CD2 proliferative responses were 
measured weekly during the same time period, sug- 
gesting that the decreases observed in anti-CD2 re- 
sponsiveness in vaccinated patients represented a re- 
sponse to treatment. T cell proliferation after TCR/ 
CD3 stimulation with the phorbol ester PMA 
decreased in two subjects and increased in a third sub- 
ject 7 days after the inoculation of attenuated T cells 
(data not shown). There were no consistent changes in 
either cell surface expression of CD4, CD8, or CD45RA 
determinants or in proliferation to the recall antigens 
tetanus toxoid or mumps virus (data not shown). 

The proliferative response to self-MHC (AMLR) is 
decreased by approximately 50% in patients with 
chronic progressive MS and other autoimmune dis- 
eases (11-13) and has been thought to represent a dys- 
regulation of the immune network (14). We investi- 
gated the AMLR in two subjects after the inoculation of 
attenuated T cells (Fig. 1). In both subjects the AMLR 
markedly increased from 7 to 14 days after inoculation 
and returned to baseline over the next 2 months; no 
such changes were observed in serial measurements of 
an unvaccinated patient. These and other immunologic 
changes were not associated with any clinical changes 
in disease activity. 

In the EAE model, both specific (clonotypic) and non- 
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TABLE 2 

Inhibition of Anti-CD2 Induced Proliferation after 
Inoculation with Attenuated Human T Cell Clones 



Po (first 

inoculation) 
Po (second 

inoculation) 



Multiple sclerosis subjects 
treated with attenuated T cell clonei 
(Acpm) % decrease proliferation 



80,794 49% (40,847) 35% (52,895) 55% (36,184) 
161,453 >0% (193,027) 32% (109,084) 45% (89,446) 

Multiple sclerosis subjects 
not treated with attenuated T cell clones 
(Acpm) % decrease proliferation 



Day 7 



Day 14 



Control 1 
Control 2 
Control 3 
Control 4 



83,761 
44,554 
33,477 



30% (73,978) 
12% (81,629) 
>0% (44,944) 
25% (62,750) 
>0% (45,551) 
>0% (34,639) 



>0% (127,857) 

2% (90,900) 
>0% (44,100) 
>0% (67,552) 
>0% (67,552) 
>0% (49,391) 




DA YS POST INOCULATION 

FIG. 1. Autologous mixed lymphocyte reactions were performed 
on two patients either prior to or after injection of attenuated T cell 
clones on the days indicated. A patient with chronic progressive muU 
tiple sclerosis not receiving treatment also had these analyses per- 
formed serially at the times indicated. Standard errors for triplicate 
wells were less then 15% and are not shown. 



Note. Peripheral blood T cells were isolated either prior to or after injection 
of attenuated T cell clones on the days indicated. Data are presented in the 
""same format of proliferative responses via the CD2 pathway using a combina- 
tion of anti-Tll 2 and anti-Til;, mAbs (Acpm = cpm in the presence of mAbs 
subtracted by cpm of identical cultures without mAbs) in both MS patients 
receiving the T cell vaccination and in six MS patients with a similar disease 
stage not receiving the inoculations measured weekly during the same time 
period of the investigation but on different days. Decreases of proliferation 
greater than 30% are in bold typeface. The standard errors of triplicate values 
for each time point were less than 10% and are not shown. 



specific (ergotypic) proliferative responses are observed 
in vivo after vaccination with activated MBP-reactive 
clones (15, 16). In unvaccinated humans, nonspecific 
proliferative responses are observed in vitro in re- 
sponse to activated T cell clones (17). Thus a major 
immunologic question was whether there was specific 
recognition of the T cell clones used as vaccine in in- 
dividual patients. This was investigated by measuring 
the recognition of irradiated resting and activated 
cloned T cells in vitro after T cell vaccination. The pro- 
liferative response to activated T cell clones was vari- 
able, although in some instances there appeared to be 
a decrease in T-T cell interactions 3 to 7 days after the 
inoculation of attenuated T cell clones, possibly related 
to the decrease noted in activation via the CD2 path- 
way (Fig. 2). By 14 days there was a variable increase 
in the proliferative response in two subjects to both T 
cell clones used in the inoculation and control T cell 
clones that were not used (Fig. 2). Additionally, there 
were no T cell anti-clonotypic responses observed in 
subjects after either two or three inoculations of the 
attenuated T cell clones. Circulating anti-T cell anti- 
bodies could not be detected, even with undiluted sera 
(data not shown). Thus, no T cell-specific response anti- 
clonotypic response could be demonstrated. 



DISCUSSION 

We present preliminary results of a phase one inves- 
tigation of T cell vaccination therapy in patients with 
severe, chronic progressive MS refractory to other 
forms of immunosuppression. Autologous T cell clones 
could be isolated from CSF, expanded, attenuated, and 
inoculated subcutaneously without measurable short- 
term adverse effects. This study establishes the feasi- 
bility of this approach to immunotherapy. 

Injection of attenuated autoantigen-specific T cells 
into naive animals induces an immune response that is 
capable of inhibiting the generation of new autoreac- 
tive T cells sharing the same antigen specificity (4-7). 
In EAE, this resistance appears to result from specific 
anti-clonotypic T cell response (15). In the present 
study, a transient increase in T cell responses was seen 
both with clones used for inoculation and with other 
autologous clones. Thus there was no evidence for a 
specific anti-clonotypic response as measured by prolif- 
eration. 

We have previously reported that activated, irradi- 
ated T cell clones were strong stimulants to resting 
peripheral blood T cells. These T-T cell interactions 
are blocked by monoclonal antibodies recognizing ad- 
hesion molecules on the T cell surface, suggesting that 
CD2-LFA-3 and LFA-1-ICAM interactions are in- 
volved in this signaling mechanism (17). However, ac- 
tivated T cell clones also induce short-term immuno- 
suppression in animal models of autoimmunity in a 
clonotypically independent fashion, which has been 
termed an "anti-ergotypic" response (16). Whether this 
response to activated T cells in animals parallels what 
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INOCULATED CLONES 
CONTROL CLONES 
T CELLS ALONE 




DAYS 

FIG. 2. The recognition in vitro of T cell clones inoculated in vivo 
was examined. For the assay, 10 B irradiated (5000 rads) autologous 
activated T cells used in the inoculation (inoculated clones) or T cell 
clones derived from the cerebrospinal fluid at the same time but not 
used in the inoculation (control clones) were incubated with equal 
numbers of peripheral blood T cells at the times indicated after the 
T cell inoculation on Day 0. The first time point represents a prein- 
oculation value. Wells were pulsed with 2 |xCi [ 3 H]thymidine during 
the last 18 hr of culture prior to harvesting on Day 4. Standard errors 
for triplicate wells were less than 15% and are not shown. 

we have observed in humans is not as yet known. After 
T cell vaccination, the responsiveness of circulating T 
cells to stimulation via the CD2 pathway and to a 
lesser extent the CD3 pathway was variably decreased. 
In contrast the AMLR, a measure of immune function 
that is decreased in autoimmune diseases, increased 
after T cell vaccination. These changes in immune 
function are compatible with the postulate that T cell 
vaccination can alter the immunoregulatory network 
for months despite a single inoculation. It can be fur- 
ther postulated that these nonspecific suppressor influ- 



ences are normally generated in vivo to respond to T 
cell activation to downregulate the immune response. 
However, it must be cautioned that it is unknown what 
the precise relationship is between these measures of 
immune function and disease activity (1). Although 
unlikely, it should also be noted that despite the pre- 
cautions used in preparing the attenuated T cells for 
vaccination, the immunologic effects we observed may 
have been related to the carry over of products in the 
media such as PHA. Double-blind clinical trials in the 
future should use media controls without T cells to 
address these issues. 

There were no associated toxicities observed with 
the present investigation. Nevertheless, certain poten- 
tial hazards may exist with T cell vaccination that 
should be addressed in future studies. First was the use 
in the present study of allogeneic feeder whole mono- 
nuclear cells necessary to allow the growth of T cell 
clones. If future studies are undertaken, leukophoresis 
with large numbers of autologous MNC feeder cells 
will be used. While in the present study T cell clones 
were screened by the polymerase chain reaction for the 
T cell tropic virus HTLV-1, in future investigations a 
larger panel of probes can be used to examine for evi- 
dence of viral contamination of T cell clones used for 
the inoculation. 

It is important to note the highly experimental na- 
ture of these clinical trials. One rationale for perform- 
ing these studies is provided by the fact that the 
present immunosuppressive treatments for severe pro- 
gressive multiple sclerosis are associated with toxici- 
ties. The second rationale relates to the potentially dis- 
abling nature of progressive MS, making this autoim- 
mune disease a more logical first disease to attempt T 
cell vaccination. The last rationale relates to the 
emerging concept that an understanding of the patho- 
genesis of autoimmune diseases will ultimately come 
from clinical experiments where specific immunother- 
apies can ameliorate disease progression. For these 
reasons, we felt justified in initiating these feasibility 
trials and strongly urge the coordination of future pro- 
tocols among different laboratories for such trials. 

The rationale for use of antigen nonspecific clones 
generated by single cell cloning relates to the previ- 
ously described clonal dominance of certain T cells in 
the blood and CSF of a subgroup of patients with MS 
(8). Moreover, common T cell receptor (TCR) V p usage 
among sets of oligoclonal T cells among different MS 
patients has been observed, although the antigen re- 
activity of these oligoclonal T cells clones is undefined 
(18). T cell vaccination was performed using these oli- 
goclonal T cell clones described recently in more detail 
(18) when they were present, although whether such 
clones are relevant in the pathogenesis of MS is un- 
known. 

Studies in EAE have demonstrated a restricted T cell 
response in terms of TCR usage to encephalitogenic 
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regions of the inciting autoantigen, myelin basic pro- 
tein (19). More recently, immunodominant regions of 
myelin basic protein have been identified in humans by 
a number of investigators (20-22). As in EAE, the vari- 
able regions of the TCR (3 chain used to recognize im- 
munodominant region of MBP appear to be somewhat 
limited, although not monoclonal (23). Additionally, in 
the EAE model, peptides derived from these variable 
region sequences can protect animals from active and 
passively induced disease (24, 25). Such studies sug- 
gest a logical choice of T cell clones and their cell sur- 
face molecules to be used in future investigations tak- 
ing advantage of nonspecific suppressor properties of 
activated T cell clones and T cell reactivity to an au- 
toantigen such as MBP where a natural occurring anti- 
clonotypic response may be present. However, it should 
be cautioned that whether T cell-specific anti- 
clonotypic responses occur in human T-T cell interac- 
tions and if in fact MBP is a target antigen in MS is not 
as yet known. In this regard, we have recently pro- 
posed criteria for the identification of the antigen in a 
T cell-mediated autoimmune disease, including an as- 
sociation between an immunodominant region of the 
presumed autoantigen with disease-associated class II 
MHC haplotypes; an increase in frequency of T cells 
with defined T cell receptors interacting with this im- 
munodominant epitope; and inhibition of disease activ- 
ity by inducing tolerance to the autoantigen (20, 26). 
As mentioned above the last criterion would indicate 
that in vitro experiments cannot provide convincing 
evidence for the association of an autoantigen with a 
disease but instead indicates the need for clinical trials 
in attempts to induce tolerance to an autoantigen or to 
target TCR that recognize a putative autoantigen. The 
use of attenuated autoreactive T cell clones or T cell 
vaccination provides such a potential mechanism. 
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